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Effect of stocking rate on Stipa breviflora desert steppe soil 


DING Haijun'”, HAN Guodong'", WANG Zhongwu!, ZHAO Heping’, ZHANG Reiyang!, ZHANG Xinjie! 


(1. College of Ecology and Environmental Sciences, Inner Mongolia Agricultural University, Hohhot 010019, China; 
2. Inner Mongolia Academy of Agricultural and Animal Husbandry Science, Hohhot 010031, China) 


Abstract Grassland grazing ecosystem is one of the most efficient consumption systems of the terrestrial ecosystem. There 
are few repeated studies on long-term effects of stocking rate on stability of grazing ecosystems. With Inner Mongolia 
Wulanchabu Stipa Breviflora desert steppe as a case study, nine years stationary experiment was conducted to study the effect 
of grazing on soil physical and chemical properties. The study tested the processes and mechanisms of soil degradation at 
different stocking rates with the aim of beneficial adoption of reasonable grazing management measures and promoting 
sustainable development of grassland animal husbandry. A randomized complete block design was set up with four stocking 
rate treatments and three replicates. The stocking rate treatments included the control [non-grazed enclosure (CK)], light 
stocking rate (LG), moderate stocking rate (MG) and heavy stocking rate (HG). Adult Mongolia sheep were used in continuous 
grazing system from June to November of each year in 2004-2012. The stocking rates were 0 sheeps:hm ? (CK), 0.91 
sheeps:hm ? (LG), 1.82 sheeps:hm ? (MG) and 2.71 sheeps-hm ? (HG). Soil physical and chemical properties were measured in 
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2004-2012. The results showed that soil water content in the topsoil decreased significantly with increasing stocking rate after 
9 years of continuous grazing. Soil bulk density decreased by 17.2596 with extended grazing time (P « 0.05), but not 
significantly changed with stocking rate. The stocking rate had no significant influence on soil mechanical composition, pH, 
and contents of available phosphorus and potassium. However, soil organic matter significantly decreased (P « 0.05) in the 
0—10 cm soil depth under HG treatment compared with other treatments. With increasing stoking rate, the content of sand in 
the soil increased and that of clay decreased. Also HG treatment significantly decreased soil respiration rate in 2012. Based on 
statistical results of stocking rate, stocking year and their interactions, soil physical and chemical conditions of S. breviflora 
desert steppe did not significantly change over the nine years of grazing. However, organic matter apparently showed a certain 
degree of degradation. Because of resilience, hysteresis and complexity of natural soil systems, it was recommended that 


studies on the effects of stocking rates on soil bulk density should be done for longer time periods. 


Keywords Stipa breviflora desret steppe; Stocking rate; Soil system; Physical property; Chemical property 
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Table 1 Effect of stocking rate on soil water content of 
different layers of grassland in 2004 (before the experiment) 
and 2012 (after grazing for 9 years) 

Stocking 
rate 


2004 Year 2004 2012 Ẹ Year 2012 


0-10 cm 10-20 cm 0-10 cm 10-20 cm 


CK 6.1840.64b — 6.5240.55b  10.2822.15a 8.72+1.85a 
LG 8.45+2.50a = 7.55+0.85a 9.49+1.93ab  8.15+1.82ab 
MG 6.75+1.2lab 7.35+0.82a 9.13+41.73b 7.93x1.78b 
HG 6.28+0.90b 


6.7740.57ab  8.88+1.61b 7.66+1.54b 


SSR Source of variation P {Ë P value 

BX Stocking rate (SR) 0.008 7 
E Year (Yr) <0.000 1 
ERE Soil depth (Dep) 0.005 7 
Yr x Dep 0.000 5 

SR x Dep 0.458 7 

SR x Yr 0.000 6 

Yr * SR x Dep 0.523 7 


CK. LG. MG fü HG 433Uf ORE ER. HERBS, PRRSS 
ABERSS, AWFE)SFRSARRFAAS SES LS 
(P<0.05), Flelo CK, LG, MG and HG represent the control, light 
stocking, moderate stocking and heavy stocking, respectively. Data in a 


column followed by different lowercase letters are significantly 
different at P < 0.05 level. The same below. 
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Nm, LEASMAAS BUS FRNA, 
(83: 4E3 £5 GE. 2012 FLAS FB 1.36 gem”, 
2004 FTA BS SEE (B. 1.64 gem”, 2012 ££ EE S 
ERE 17.25% 
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Fig. 1 Effect of stocking rate on soil bulk density of grassland 


in 2004 (before the experiment) and 2012 (after grazing for 9 years) 
FA )SFARNE 0.05 ZKGE EzE ERE É, P [els Bar with 
different letters are significantly different (P « 0.05). The same below. 
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De), SUN SB A RR TL ey A AY Bile A, ALARA 
ADR, KEAK ERE MER REL. 2004 
BARRA, ART) RAIE RK eR (0~10 cm) Hea Fey 
jam 22109 ab MATa), 20124E TRAM AL 


ZEHAZ, MUSES BE, (BARK 
simam. TERE BT B EET. 
2.3 FMRBSSWS RS pH CRUS US SHI 


EIR pH Bit ER BH (E 3), 2004 FNIEK 
3| E SU KB SS ETUDES, 0-10 cm Al 10-20 cm 
EIS pH JgjtfE(K Bm, RISDUBBEMU&E 
pH Re, HERR ERU] SERRE; 10-20 cm 
+E pH BSFREB(O~10 cm)-EJ&, 2012 FEI pH 
WREXRE, BBRKKDARE, PERF LE, 
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Table 2 Effect of stocking rate on soil particle size distribution (0—10 cm depth) of grassland in 2004 (before the experiment) and 


2012 (after grazing for 9 years) 


% 


LEE BY AT Sand ETAL Silt SHH Clay 
Stocking rate 2004 2012 2004 2012 2004 2012 
CK 66.5144.12a 70.68+4.06a 19.60+3.06a 16.0743.52a 13.9042.33a 13.2643.39a 
LG 64.02+4.31a 70.95+4.04a 22.0443.93a 16.5843.25a 13.95+1.76a 12.48+1.93a 
MG 65.53+4.13a 71.2844.30a 20.7742.35a 15.40+2.08a 13.7043.10a 13.3242.81a 
HG 65.15+4.05a 72.0143.51a 21.06+3.21a 15.8242.63a 13.7942.42a 12.17+2.63a 
Ses soe amin 
SEE Year (Yr) <0.001 0.040 <0.001 
RAE Stocking rate (SR) 0.939 0.991 0.150 
Yrx SR 0.113 0.111 0.116 
R3 RAEN 2004 ££ (XU JE IARAA 2012 FHK 9 4E I8.) S I E BEI ed EX pH MAIAS SHS 


Table 3 Effect of stocking rate on soil pH and organic matter content in different layers of gr: ine in 2004 (before the experiment) 
and 2012 (after grazing for 9 years) 


pH AA E Organic matter content (g-kg') 
— 
z m = 2004 Ẹ Year 2004 2012 Ẹ Year 2012 2004 Ẹ Year 2004 2012 Ẹ Year 2012 
Stocking rate 
0~10 cm 10~20 cm 0~10 cm 10~20 cm 0~10 cm 10~20 cm 0~10 cm 10~20 cm 
CK 7.66:0.28a 8.07+0.28a 7.86+0.27a 7.87+40.21a 26.82+1.25a 23.16+1.06a 22.79+3.43a 17.76+0.56a 
LG 7.55+40.23a 7.87+0.23a 7.9140.26a 7.92+0.22a 24.54+1.24a 19.52+1.40b 27.68+2.30a 24.23+1.70b 
MG 7.67+40.28a 7.95+40.38a 7.93+0.24a 7.94+0.23a 23.56+2.42a 20.4740.99a 22.46+2.05a 17.15+2.55a 
HG 7.84+0.38a 8.15+0.28a 7.9440.22a 7.9540.24a 23.93+2.42a 20.51+0.68a 21.55+1.08b 16.72+0.73a 
EROR . P(& P value 
Source of variation 
MBX Stocking rate (SR) 0.181 0.173 
FE Year (Yr) 0.040 0.042 
— gr 
EGRE «0.001 «0.001 
Soil depth (Dep) 
Yr x Dep 0.059 0.039 
SR x Dep 0.063 0.420 
SR x Yr 0.091 0.090 
Yr x SR x Dep 0.864 0.752 
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XB. mikit, £f EEBOROARNIET IGEÉABJUSemmsm: 
f 10-20 cm XI SE ETC HOS WU EB ES 
T RANDE, SBIERBURDCTHSUB NUR S SRE. 
4it 9 a WK, JOE NUS ETERRIENISE 
Bm) KIS FaBA, LEX SOTG 
#, m 10-20 mite SE (E ee. 2004 F 0~10 cm Al 
10-20 cm EIER TUER 88 335 (8 43 9073 24.71 gkg 
Fl 20.92 ekg’, 2012 ESRI 23.62 gkg ' All 18.97 gkg”, 
5 2004 EAB EE 23 Bl FIE 4.4 196 9.32965 
2.4 AAAS ES ER IR TERR RC 73 NBG 
MURAI HR 4), FEMEN 
RWS Sig B(P<0.05), tBRENFR, 
RASSSLERE. RBSSFENRAFAR 3 
AREAN RAK A a RC As et (P>0.05); 
IEGRANHREBEHÍETIBIREBZEe-x, RBS 
TU 4E IE 5 EL7C ES RZURI (P-0.05)o 
2004  0~10 cm FETRENG BF [6] RA THE 


iB SEXES 10-20 cm LIEBE UC T RR 
Be SsSHEMRKALRSER, BuxExESI5R 
{th Wh 3 (P<0.05), 5 B8 DX 5-358 E TACISC CR Fn E TC 
KERZ. 2012 f£, 2 9 a KKE, LHR 
ARNAS Ee E EB ERE DACIA ESF E RKA 
MRK (P<0.05), 5 PERKE I S EE E (P>0.05); 
10-20 cm ŁAP, mE UD TERES S Eg 5 rh 
BRMKARSER, PART A th eK (P< 
0.05), BH th 3 "RS CZ [B] E SEP LE (P>0.05)o 
2012 FHRKMFREKRKKKALA ERKE 
0-10 cm LRA RWS SSF 2004 F, BE 
KI XA EER RAA eS SIF 2004 E 
(P<0.05) EEKE 0~10 cm LRA 10-20 cm + 
BAS BBE 46.909581 46.39%. 

MR 4 FAB, 2004 RE WERK eR 
MHS ame, PERMA MRK, PER 
TERES 5 rhEBUX S EÀBT 3T 
HE. 2012 f£ 0-10 cm ER LRERENH Ee TE BTE 
f pm (EK, (85 E ff gg zm SAK SKE (P> 
0.05); 10-20 cm x 8€ RE RACES [CR FP E AUC C 3€ 
XRSÉRAEIES EX, TREBMUEXAEmS, (B5 
WHR AS SMM TC BER (P>0.05). 2012 FE 
ERIM LISS 147.36 mgkg', $X 2004 F 
“BBE 23.75%; 10-20 cm LE FIGS 146.29 mg kg, 
4S 2004 EHA 76.36%, EMEEK 10-20 cm 
tAE KEE KF (PK<0.05)0 


4 ARB 2004 FORA HAA) 2012 FOK 9S FR LIB A Fl E E ERG 233 SAB lg 
Table 4 Effect of stocking rate on soil available nutrients contents in different layers of grassland in 2004 (before the experiment) 
and 2012 (after grazing for 9 years) 


RME Available phosphorus (mg'kg ) 


XE3W$8 Available potassium (mg-kg ) 


ES 
uin id 2004 4 Year 2004 2012 f£. Year 2012 2004 4 Year 2004 2012 f£. Year 2012 
Stocking rate 
0-10 cm 10-20 cm 0~10 cm 10-20 cm 0-10 cm 10-20 cm 0~10 cm 10-20 cm 
CK 4.8640.6la 3.1140.64a 5.16+0.50a  6.24+0.54a 244.62+20.11lc 107.20+5.70b 172.85:48.84a  153.84415.13ab 
LG 4.8641.00a 5.9241.11ab 5.4641.21a  5.4541.0la 138.51423.48a  67.35416.99a  144.52:48.36a  165.39411.67b 
MG 3.5940.82a 3.8940.76a 4.9440.5lab 4.2440.32ab 225.11429.8lbc  93.12412.43ab 137.07445.56a 125.524+14.16a 
HG 6.29+1.09a 7.07+1.01b 3.3440.51b — 3.7940.42b  164.80+19.6lab 64.14+5.41a 135.01428.87a  140.42+5.56ab 
EROR l P {A P value 
Source of variation 
Y 
uis * 0.168 0.198 
Stocking rate (SR) 
SEE Year (Yr) 0.040 0.114 
= 290 a 
TRAR <0.001 <0.001 
Soil depth (Dep) 
Yr x Dep 0.084 0.034 
SR x Dep 0.075 0.016 
SR x Yr 0.446 0.265 
Yr x SR x Dep 0.390 0.380 
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EEH 1.57 umol-m ^s !, $8 2004 FHS 25.6% 
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Table 5 Effect of stocking rate on soil respiration rate of grassland in 2004 (before the experiment) and 2012 (after grazing for 


=2, al 


9 years) umol-m ^s 
CK MG HG 
2004 1.2340.26a 1.3340.15a 1.16+0.42a 1.26+0.28a 
2012 1.75+0.24a 1.72+0.3 lab 1.42+0.16ab 1.40+0.17b 
ZAKIR Source of variation P(& P value 
b xz 
z a 0.033 
Stocking rate (SR) 
FE Year (Yr) 0.001 
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THERES RMED M S AD ARMED YB eS. 
MURMUR HUC fs e [8] 38 ZI Go, Mi SR 
MED Sema. 

ARE EL BU Say + REO A, MAIER 
& AA Ls ltt RREAMLAKS. LE 
Skea, RAABRRMM! FRTIRAS, 
BAER, BARS. CRKNE, Hu 
WRIA HH MY, Slt RHR, RAM RO, 
AFUE TST DREAS, RARER FIE “mpr A 
RMMEMRS LE, CHRE, RAHA 
ESAR, AH XT SEE SEIL TUOEB ZUR Eds 
SES BER (83x75 E BUE AC IBGB (RIP, it 
A, 3T EEGRADA E NM, HEA Salt, X 
T EE EXITUS EBUIRSSZBIKEBRIEE 
BSEC, 
4 tiit 

2004 ERMA LAHSA 2012 FIH 9 a Big], 
BEHA mR RT TAREN RAEE 
Sach), ABR ALMA. EIR pH. RA 
RA IIRA Se KF (P>0.05); LAS 
APIBUS aA EK FE 17.25%; BERRA 
+HRANRESE O10cm-cIEREBE(DP-0.05); 
MARKEE, HRERS E Sie mes, 
SURDAECUBSPTIÉRE THR. RNS EDS 
zm ¥H Sma; 2012 fF: IEBUN E T REDE E E 
BE {E(P<0.05)o 
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